Potential Effect of Stand Structure on
Belowground Allocation

Thomas J. Dean

ABSTRACT. Stand structure affects two key variables that affect biomass allocation to the stem: teaf
area and height to the center of the crown. By translating wind forces into a bending moment, these
variables generate bending stress within a stem. The uniform-stress axiom of stem formation can be
used to calculate current stem mass for a given bending moment and stem allocation for changes in
bending moment over a time period. Stem allocation probably affects allocation to fine roots since the
stem precedes the root system on the chain of carbohydrate sinks, and total net primary production
1s a linear function of leaf area. This study indirectly supports this link between stand structure and
belowground allocation. Aregression model based on the relationship between bending moment and
stem allocation explained 98% of the variation in stand-level stem production of a 12-yr-old loblolly pine
{Pinus taeda L.) plantation subjected to factorial combinations of irrigation and fertilization. Further-
more, refative fine-root allocation was inversely related to relative stem allocation and increases in
apparent bending stress. Corresponding associations between bending stress and relative allocation
between the stem and fine roots appear to exist for other species. providing additional support for the
proposed link. For. Sci. 47(1):69-76.
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YPICAL FACTORS KNOWN TO INFLUENCE Dromass alloca- varving distribution of bromass among the tree’s components

tion 1o fine roots in trees mclude Hight. soil water. and their wide varation i nutrient concentrations. Conse-

and soil feruhity (Cannell 1985, Gowercetal. 1994). guently. when experimental results do not agree with the
The simple response of fine-root allocation 1o these variables expected response of fine-root allocation o manipulation of
is typically calculated from the amount of carbon und nutrient environmental vartables.atis difficult to judge whether the
clements used in new growth using the Law of mass balance. disagreement 1s due to the problems inherent 1 measuring
For example. ihits assumed that new ussuce has a fixed ratio fine-root production or the inaccurate modeling of the mm‘»
of carbon and nitrogen, both shade and fertilization would plicated mass balance equation for trees (e.g.. Cropper and
merease shoot mass relative 1o root mass 1o compensate for Gholz 1994).
either the reduction in carbon uptake caused by shade or the How trees allocate biomass 1o fine roots has both positive
merease i nitrogen uptake due to fertulization. While an and negative smphicatons for forest management. Cultural
overall mass balance must exist. the baste mass-balance treatiments that reduce fine-root allocation and increase the
approach provides only a heurtstic explanation for trees harvest index (the fraction of total biomass that can be
because only a portion of a tree’s aboveground and utilized commercially) are economically beneficial, In con-
belowground tissues acquire carbon or nutrients. The mass trast. these same treatments can result in sharp decreases
balance s also difficult 1o calculate for trees because of the stem growth and increased mortality during a severe drought
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(Linderctal. 19871 Inadditton. fine-root allocaton s also a
critical component of carbon-based process models that
stmulate forest growth. Such models have the potential of
forecasting production in response 1o different sequences o1
timing of sihvicultural treaunenis or 1o changes 1 soil or
climate. However. this potentialis vet to be realized beeause
of the mabihity of these models 1o simulate the important
factors that mfluence fine-root allocation.

Light. water. and nutrients not only affect the mass hal
ance of resource acquisition of trees. but also aftect the
structure of the stand. Stand structure can be linked to fine-
root allocationusing several approaches. but the most peneral
approach appears to be one that relates stem wood increment
to mechanteal needs of the crown. Annual stem increment
may also be refated to hydraulic needs of the foliage. but
Kershaw and Maquire (2000) report that the cross-sectonal
area inerement per unit foliage mowestern hemlock (Fsuga
heterophvlla Raf. [Sare. ]y and balsam i (Abies balsamea
(1] Ml vares with tree sizez consequentlyv., this approach
would require a coefficient to adjust for tree size. Simple,
empinical relatonships between crown size and stem size
could be used to hink stand structore and belowground allo
cation. but such relationships are weak when extrapolated
bevond the range of tree sizes used to hi the equations. The
mechameal relanonship between the crown and the stem has
been shown to uniformly appty to a4 wide range of tree sizes
in lodeepole pine (Pinus contoria var, larifolia Engelmo
(Deanand Long 1986): therefore this relanonship may apply

1o a broader range of stund structures without the need of

adpustiment factors or the inntations of empirical equations,

The amount of wood reguired to counter wind forees s a
function of the leaf arca the tree has accumulated and the
vertical distribution of feaf arca on the stem. Siee the total
amount of bromass produced ma stand s apparently a hnear
funcuion of stand leaf area tGower etal. 1992 Albaugh et al.
1998). root production is potenttally Himited by the physical
requirements of the foliage. Fine-root production should be
especially sensitive to the amount of new biontass needed for
mechanical support of the crown because [ine roots are at the
distalend of the carbohyvdrate source-sink network (Kozlowski
1992y Annverse relationship between relative stem alloca-
tion and refative allocation to fime roots demonstrated by
Santantomio (1989) for a number of northern contferous
species (Figure 1y supports the possibility that fme-root
allocationis imited by the phvsical requirements of the stem
as determmned by stand structure,

The principal objective of this study 15 1o evaluate the
possible hnk between stand stvuciure and fine-root affoca
tion. The potential link between stand structure and fine-root
allocationis evaluated with data from a controlled-field study
of the effects of optimum soib water and nutrient avalability
onthe growth of Tobloly pine. Stand structure s expressedin
terms of the amount and distribution of leaf area per tree and
is transtated o o cumulatve measure of bending stress
created by Tateral wind movement throueh the stand. 1f stand
structure affects fine-root allocation through its effects on
stemy atfocation, the refative amount of biomass altocated to
the fine-root system should be imversely related to the alloca

Hon to stem wood and the comulatve bending stress,
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Figure 1. Fine-root allocation in relation to stem allocation for a
number of northern coniferous species. Allocationtobothbiomass
components expressed as a percent relative to total net primary
production. Data from Santantonio {1989) for closed stands.

Theory

Stand structure s related to stem allocation through the
unmforme-stress axiom of stem formation. which describes
stem stze and shape from the prinaiples of beam mechanics
(Metzeer 1893, Dean and Long 1986, Muttheck 19957 As-
sunupy thatbending stressisuniform across the surface of the
stem. thatwind drag s proportional o feat areasand that wand
velocity through the canopy s constant. Dean and Long
(1O86y found that the dimmeter of any cross section of the
stem can be deseribed i terms of the projected Teaf arca
above the cross section at hetght 1A ) and the Tength of the
fever anm actimg on the cross section (8) with the equation

D= pes, syt (h

where )= stem dinmeter athetght ioand p= constant. Dean
and Long (1986} found that the length of the lever arm could
be caleulated as the distance between @ and the point in the
crown that divides A into two cqual parts. Several investiga-
tors have developed more precise deseriptions of stem geom-
ety from beam mechanics (West et al. 1989, Morgan and
Canncll 19940, but according to Cannell and Dewar (190,
Fquation (1) s a sufficient approxmmation. fos important to
note. however. that Equation (1) does not deseribe stem
streneth (e the lateral or vertical forces required for stem
Farlurey. i simply relates bending siress 1o stem geometry.
The combination of feaf arca. leverage. and wind force s
the bending moment exerted on the stem at height 70 Obvi-
oushy. bendimy momentis a dynamic value. butif wand force
s asimple proportion of leaf arca. the product of feaf area and
leverage represents a state seakar of bending moment that 1s
independentof wind speed. Replacing the productof A and
Sowith the statie scalar of benpding moment at height 7 (M)
chimges the umiformestress model {Equation (] to

(8

1)’ — /7(”[ )u:: (

Stand structure affects stem size through s effect on the
variables comprising the static scalar of bending moment.
The number of trees per hectare and their average size has



been shown o affect total stand leaf area (or total foliage
mass) and average leal area per tree (Turner and Long 1975,

Mohler et al. 1978, Dean and Baldwin 1996). The length of

the lever arm can be cateulated with crown length and five-
crown ratio (hve-crown length divided by total tree height).

Both of these variables vary with the number of trees per

hectare and the average size of the trees (Beekuis 1965, Long
1985). Equation (2) imphies that a specific quantity of stem
volume is required to counteract bending stress coincident
with a given stand structure. As stand structure changes,
positive changes in bending moment should result in specific
increases in stem volume. Since stem volume and mass are
related linearly, Equation (2) further implies that carbon
altocation to stem is specitic for a given stand structure and
the rate at which stand structure changes.

A simple expression for stem volume in relation to bend-
g moment can be derived by setting 7 1n Equation (2) to
breast height (1.37 m) and substituting the allometric rela-
tonship between stem volume (V) and diameter at breast
height (DB, e V o DBH*. (Tadaki 1977) for D,
Converted 1o stem mass (W) by including wood density (),

Equation (2) becomes
W= gt (3)

where ¢ = constant, and M = the static scalar for bending
moment acting at breast height. The change in stem mass per
unit change in bending moment can be expressed in terms of

annual, discrete changes i A
Po=a (M, + AT A ()

where P, = change in stem mass or stem production. a = a
caonstant, My = the bending moment scalar at the beginning of
the year, and AM = the change i bending moment scalar
during the year.

Since stand-fevel stem production 1s the summed stem
production of all trees within a stand. the value of My should
correspond 1o the sum of the bending moments of individual
trees at the beginning of the vear. and the value of AM should

correspond o sum of the changes in bending moment of

individual trees during the vear, Substituting the stand-level
values of My and AM into Equation (4) results in
08 . 08
4
(M), -
!

k P
P D Mg, ),

WA I /

()

where P = stand-level stem production. b = constant,

represents each tree within the stand. and & is the number of

trees in the stand,

Fquations (5) expresses stand-level stem production
terms of inital stand structure and the degree to which stand
structure changes over an observation pertod. If the relative
allocation to fine roots 1s versely related to relative stem
allocation. fine-root production should also be affected by
stand dynamies. Sensitivity analysis of Equation (5) with
ranges of realistic but arbitrary ranges of AM and M, and an
assumed. inear refationship between feal arca and total net

primary production indicates that both AM and M) must
mcrease for refative allocation to stem wood to merease. and
that the increase in AM must result from concomitant in-
creases i both leat area and fever arm. Conscquentlyv il stand
structure influences relatve altocation through the uniform-
stress axroni systematic mereases imrelatve allocation to the
stem and systematic deercases in relatve alfocation to fine
roots will be assocted with systematic increases i both AA7
and A,

Methods

Data

Annual production and bending moments during 1996
were calcutated with data collected i December 1995 and
1996 1n & loblolly pine plantation growing i Scotland
County. North Carolina. and being subjected to factornial
combinations of wrigaton and ferthizanon, The study
site. studvanstatlation expertmental destenoand sampling
methods used i this study have been described by Athaugh
ctal (1998) The topography at the study site 1< flat and
underfain by an excessively drained. mfertle soil of the
Wakulla serres.making treatmenteffects especially promi-
nent. The cutover longleaf pine (Pinus palistris Milh) site
was hand-planted in 1985 with Tobloty pine seedlings on
a2 3 spacing. The plantation was 8 vr old when the
four factorial treatments were random!v assigned to 16050
x 50 m plots. The fertthzaton treatments were imtated in
March 1992 and the rrvgation treatments beganan April
1993, Fertilizers were applied as needed to maintaim opti-
mum nutritton or not apphied. and plots were rmeated
when the volumetric moisture content of the surface 500
mm of soil fell below 0% or recerved no supplemental
water. The treatment protocols are described i detail by
Albaugh et ad. (1998).

Bending moment of individual trees at the begimning
and end of the 1996 growing scason were caleulated from
individual tree estimates of leal area and length of the
fever arm. Leaf arca pertree was caleufated from measure-
ments of diameter at breast hewght and totab heightusing a
treatment spectfic biomass equation developed by Adbaugh
etal. (1998) and a specitic leal arca of 3 m-/ke. Specific
leaf arca was not significantly different across the four
treatments (1.1 Atbaugh, pers. commy). Individual tree
leal arcas and bending moments are. therefore. seasonal
minimums. Leverarm length was assumed to be the distance
between breast height and the niddle of the live crown and
was caleulated from measurements of total herght and the
height to the base of the Trve crown according to Dean and
Long (1986). Methods for determiming production ot the
vartous biomass components are described i detail by
Albaugh et al. (1998). Stemy wood, coarse roots. and taproot
productionduring 1996 were calculated withocallvderived,
treatment-specific, bromass equations using the diameter
and hereht measurements made on individual trees betore
and after the 1996 growing scason. The production of fine
roots during 1996 was cstimated with the procedures
described by Fairly and Alexander 1 1985) using the root

mass of hve and dead roots < 2 mm mn diameter washed
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from <ot} cores that were collected on & monthly basis.
Albaueh ot al. (1998) hist the stand chayacteristics and
production rates at the end of the 1995 growing season.

Analysis

The effect of stand structure on stem wood allocation
was determined by analyzing how well vanaton i annual
stem produciion was explamed with cumulative bending
moment at the beginming of the growing season and the
cumulative change in bendimg moment during the growing
season using Eguatton (5) as o model function. The fol-
lowme regression model was Dt to the experimental data
using a derivative-free. nonhinear-regression algorithm
(Ralston and Jennrich 1978

W 2

i3
Z(/'{/(}),
pet

I3 A
P, /\:(.w”u (AM)
k i {6)

b vl e

where 7, 1o 1o are regression coethicients and 7 and £ are
indicator variables for nrigation and fertibzatuon, resped
tivelyveand e = ervor. The accuracy and precision of the hited
cquation were evaluated with residual plots and the fitindex
e the fractionof variance in stem productionexplamed by
the model (Baldwin 19891} No 1ests were conducted on
the fitted exponents m BEquation (6) since their value
reflects the aggregated allometric refationship between
stem mass and DB for adl irees within the measarement
plots regardiess of crown posttion or vigor, Treatment
cifects on the fit of Equation [6] were deternuned with a
ceneral Iincar test approach (Neter et al. 1996). Brieflv.
this approach tests the nulbhypothesis = O twherein the
case of Equanon (oy v= 34 oand Sy by comparing the error
sum ol squares Tor the model with 1 and without 1 The
model without trepresents the null hypothesis.

The hypothesized hink between stand structure and the
bramass allocation is evaloated by comparing the expert-
mental resulis 1o the changes i relatve allocation ex.
pected with inercasing combimations of AM and M0 As
A and M|y increase across aseries of stands. or i this case
treatments. relanve ablocation should imcrease to the stem
and decrease to the fine roots. Since this study did not trace
the actual partitioning of carbon within the tree. this study
must depend on correlation as evidence for a purported
cffect of stand structure on bromass allocation. A more
direct evaluaton of the hypothesis would mvolve artifi-
cial manipulation of the bending stress experienced in the
stem and comparnmg the resultimg translocation patierns
with the patierns that would be expected to occur with

changes i allocation.

Results and Discussion

Relation of Bending Moment to Annual Stem Increment
The fitol Equation t6) to the dataidicates that stand-level
stem producton i related 1o stand structure and changes in

stand structure durie the growing season. The full model
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explains 984 of the vartation i annual stem production. and
the it is unhiased across the observed ranges of cumulative
bendine moment and cumulative change inbending moment.
The only treatment that significandy affected the fit of
Eqguation t6ytothe datawas fertihzation ¢ Table Ty Nonlinear
regression that includes only the stembicant indicator var-

able results

Po= 105 F o 026 (M, + AT AL D
The sientficant coefficient for the mdicator variable rep-
resenting fertthzation i Equation (7) mdicates that for a
eiven stand structure, fertlization mcereases stem production
by 141 Mg ha } \31 Yo Stem volume in this study was
caleulated as a constant fraction of the stem filthing a cyhinder
defined by diameter at breast herght and total ree height
(Albaughetal. 1998y Jokela et al ¢ 1989 found that stems of
fertthized slash pme trees (il more of a ovhinder than unfertil-
ized slash pie trees. I fertilization affects stem taper in
loblollv pme sinnlarly. Equation (7) would require an adds-
tonal term 1o account for differences i stem form. The
presence of asignificantindicator varable for fertilizationin
Fguation (7) may actually be an artifact of using cyhndrical
form factors to caleulate stem volume and mass. however.
While Jokela et all (1989) found differences m evhndrical
form factoras aresoh of fertlizaton. when analvzed from the
perspective of the untforme-stress axiom. taper for both ferul-
z7ed and unfortihized slash pine trees coudd be descertbed with
asmgle equation.

According 1o Equation (7). the gains in stem production
during 1996 m response torrgation and fernhization are the
result of two factors: (1) the wadely different stand structures
that existed at the begimning of the 1996 growing scason after
Jvrof providing either optimal soil water or nutrition to these
foblolhy pme stands. and (2) the different rates i whieh stand
Table 1. Test results for the effects of irrigation, fertilization, and

their interaction on the nonlinear curve f{it of

11 12 ]
H

k
IL(M(,),

i1

st F oty tglF x e

,
>
o

k
My, X(A\M),}
i

1

to stem production during 1996 for loblolly pine plantations
growing in Scotland County, North Carolina. P = stem produc-
tion (kg ba lyr),

L

>_‘ Myli = cumulative bending moment at the beginning of
j=1
1996 for tree jto k iIm3/ha),

K

2‘ LM 2 cumulative change in bending moment during 1996
j=1
{m3/ha), ] and F = indicator variables for irrigation and fertiliza-
tion, respectively (absent = 0, present = 1), t, to t = regression
coefficients, and e = error. Significance of t, to t, determined with
the general linear test approach.
P-value

Treaumem F-statsuc®

Imgation /) 0.01 0.93
Feruhizaton (1) 13.00 0.01
=y 0.15 0.1s

Degrees of reedom = 1 and 10




structure changed during 1996, The stmple effects of nriga-
non and fertihization significantly mcreased M) by 32 and
L6059  respectively (Table 2 and according to Equation (7).
these differences alone tre with AA = O) would result in

‘

respective increases of 20 and H0% m stem production. The

2¢

respective 6 and T3 mercases o cumulative bending

moment that occurover the growing season produce substan-

tal addiions o stem production that would not occur af

conditions were so poor that neither feaf arca nor the length
of the Tever arm could increase.

The maximum value of AM is obviously constrained by
the rates of Teaf area accumulation. heirght growth, and self-
prunmg. Self-prumng affects the herght to the base of the hive
crown and thus, the length of the fever arm. Under natural
condittons, vearly and scasonal vartation in weather condi-

vons would cause these rates to vary. resulting ina cloud of

pointsswithina M, and A plune. Occastonal optimal weather
conditions. however, should produce adistinct upper bound-
arv i the data cloud that would represent the maximum
possible rates i feaf arca accumulation. height growth, and
self-pruning. One of the goals i mamtaining optimum sotl
water and nutrition i these T2-vir-old loblolty pine stands
was to produce maximal biomass production. Consequently.
the values of AM measured in the nmgation and fertulhizer
veated plots hikelv retlect vearly maximums for this particu-
L sorl type and location. Abundant ramfall occurred during
1996, which may explam why the values of AM also seemed
to be maximal for the control plots. According to these
results. the maximum vatue of AM 1< not a cerling but a
constant fraction of M, (Figure 2

With stiand age. annual stem production peaks at canopy
closure and dechnes thereafter €Assmann 1970), This would
seem o mdicate that the exastence of a linear relatonship
between maximum A and M, throughout the hifetime of o
stand s unhikelhy The tobloly pie stands measured m this
study are relatively young. 12 v old. and onhy the feruhized
stands have recenty closed canopy . As the stands mature and
approach ther equilibriom eat arcas. the rate of change n
AM will slow as the rates ol leal arcicaccumulation and heireht
growth slow. Accordimg to Eguation (7). lower values of AM

will be assoctated with Tower vatues of stem production,
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Figure 2. Change in cumulative bending moment during 1996
V) as a function of cumulative bending moment of the plot at
the start of the 1996 growing season (M) for variously treated
loblolly pine plantations growing in Scotland County, North
Carolina. Line fitted with ordinary least squares.

Relation of Bending Moment to Fine-Root Partitioning
Unhike the previous years” resulis that were reported by
Atbaughetal (1998 neither irneation norfertilizer resulted
m siegmficant dechnes i the absolute value of fine-root
production during 1996 (1 = 0.794 and .51 respectively,
Relative to total production, however. fine-root production
was significanty reduced with fertilizanon (Table 2y The
changes m relative allocanion to the fine roots observed n
these foblolly prie stands 1s consistent with the patterns that
would be expected treduced refanve allocation to fine roots
is caused by creased refative allocation o the stem. The
Fargest values of relative root allocation occurred when the
physical requirements of the crown were smadl as indicated
by refatively small combinations of A ad N and the
simatlest values of relative root allocation occurred when the
physical requirements of the crovwnwere large as imdicated by
retatively Jarge values of A7, wd AV thizure 3w, The
physical requirements of the crown mplicd by the varous
combinations of My and MM wre velfected i the values of
refative stem allocation as expected: e slowlvimereasing

as the combination of My and AM increases diigure 3by,

Table 2. Treatment means and P-values for the effects of irrigation and fertilization during 1996 on the cumulative
bending moment at the beginning of the growing season {M,)), the cumulative change in bending moment during
the growing season (\M), relative stem allocation {r.}, and relative fine-root allocation {r;). Data collected from
loblolly pine growing in Scotland County, North Carolina, and analyzed with the linear model for a randomized

complete block design (df =9}
M, A\ r ;
(mha ai

Preatment means
3 39,402 10.592 301 L6
/, N2 054 15419 334 1o
F 25 048 8.290 32 170
I 66600 17715 33 N6
Pooled SE# 9507 RRE *3 Pl

Fevalue tor ettect
frrneaton (/) () 259 0.012 (1,201 017
Forthzaton ¢/ 0.001] 0.001 0.024 0.002
e 0.269 0.375 0.262 0357

SE - standard erron
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Figure 3. Change in cumulative bending moment during 1996 (AM) as a function of cumulative bending moment of
the plot at the start of the 1996 growing season (M} for loblolly pine plantations growing in Scotland County, North
Carolina. Size of symbolsrepresentsrelative allocation of total net primary productiontofineroots {al and stem wood

(b).

Consequently. across the range of M and AM, increased
partioming to the stem s siembicantly correlated with de-
creased parttioning 1o the fine roots (Figure ).

The mverse relatton between relative stem allocation and
relative fine-root allocation tFirgure -h and s apparent asso-
cration with bending moment support the possibihity of alink
between stand structure and relative Hime-root aljocation,
Stmitar influences of stand structure on relative fine-root
allocation can be shown to exast for other species using the
assumption that imcercasmg stand density. i terms of either
trees per hectare or basal area per hectare. mcercases the
cumulative bending moment through an crease to the
height o the middle of the crown and overall stand Teaf area.
Beets and Whitchead (1990) compared the effects of soit
nutrition on the carbon allocation within radiata pie (Pinis
radiaia 1. Don) stands across o range of stand densities.
From the datathey present i their Table Torelatve allocanion
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Figure 4. Fine-root allocation in relation to stem allocation for
variously treated loblolly pine plantations growing in Scotland
County, North Carolina. Allocation to both biomass components
expressed as a percent relative to total net primary production.
Line fitted with ordinary least squares.
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to the fine roots decreases with relative allocation to the stem
for all treatments. and within mdividual treatments. relative
allocation to the fine-roots decreases and relative allocation
to the stem mcreases svstematically with mereasime stand
density with only one excepnon (Fipure 5y

An effect of stand structure on biomass allocaton also
seems evident i a study on bromass allocation i stands of
A0-vr-old Douglas-Tir (Psendorsuga menziesin | Mirb ] Francoy
erowing on good and poor sites tKeyes and Grier 19811, On
the good site. Douglas-fir parttioned -6 and 7.9% of ns
erowth to stems and fine roots. respectivelv and on the poor
sites it partitioned 27.3 and 364 of its growth to stems and
fine roots. These allocation patterns corresponded with aver-
age tree heights on the good and poor sites of 33 and 23 m.
respectively. suggesting that trees on the good sie were
subjected to greater wind forces than trees on the poor site.

Stand structure may add a new perspective to the some-
what anomalous resultsreported by Nadelthofferetal ¢ 1985).
who reported a reduction m relative wlocation 1o fine roots
with decreasing site quahity (the typical pattern is increased
refative allocation to fine roots with decreasime site quality ),
While this anomaly is often attributed to the species changes
that occurred across the sues (Cannel and Dewar 1993 the
briel descriptions of the varions stands used i the study
sugeest that the observed values of relatve fine root alloca-
tion are due to stand structure. not the species dominating the
stand. at least at the extremes. The largest value of relative
partitomng to the fine roots was observed atthe site with the
greatest mitrogen avardabihiny. This stand was comprised ol a
few (1o 170 stems/ha) black ook «Quercus veliiina Tamo,
white oak (Quercuy alba L. black cheyry ¢Prnes serotina
Ehrho). and shagbark nckory (Carva ovara [Mi1L] K. Kochy
in the overstory with o midstory of red maple Cleer rubrum
[, Ward ¢1964) has shown that both Iive-crown ratio and
Live-crown lfength decrease with increasing stand density in
10 to 40-vr-old stinds of red vak (Quercus ribra b)), W these

species react similarly. such Tow oversory densines would
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Figure 5. Fine-root allocation in relation to stem allocation for variously treated radiata pine plantations at the
Woodhill Forest in New Zealand. Allocation to both biomass components expressed as a percent relative to total net
primary production. Symbols refer to the number of trees per hectare of the stands in which allocation was
determined: H=2222; M = 1483; L = 741. Treatments used in this study were the control, ground cover of Lupinus
arboreus, fertilized, and ground cover of L. arboreus combined with fertilization. Data from Beets and Whitehead

(1996).

result i relatively small cumulative changes in bending
moment. This would explain the relatively small allocation to
perennial tissues m this stand compared to the other stands in
this study. At the other extreme, the lowest value of refative
allocation to the fine roots was observed at the site with the
poorest nitrogen avatlability. The stand on this site consisted
of unmiformly sized white spruce (Picea glauca [Moench]
Voss) growing at 2,024 trees/ha. The relatively high alloca-
ton to perennial tissues and low relative allocation to the fine
roots corresponds with this stand’s high density and unifor-
My,

These results support the possibility that stand structure
affects the relative allocation of biomass belowground. espe-
crally to the fine roots. While more defimtive experiments are
required to confirm such a hink. the patterns observed i this
study and in pubhished data suggest that stand structures that
create greater physical stress on tree stems result in Jower
atlocations of a fixed amount of production to the fine-root

system. When the greater stress is created from treatments
that increase resource avatlability, the capacity of the root
system 1o acquire suflicient quantities of nutrients is prob-
ably unaftected. However, when the increased stress 1s sim-
ply the result of greater stand density with no change in
resource avatlability, the sufficiency of the root system may
decline, which may subsequently affect nutrient uptake and
refated physiological processes.

While stand structure appears to be a factor in the relative
allocation of biomass 1o the fine-root system. these results
indicate that stand structure alone cannot be used to calculate
refative allocation to fine roots. One of the assumptions of
this analysis is that the biomass allocated 1o the fine roots is
that which remuains after biomass is allocated 1o foliage,
branch wood. stem wood. the tap root Gf present). and the
coarse root system. The link between stand structure and fine-
root allocation apparently occurs through the effects of stand
structure on the physical requirements of the stem. Unuil the
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principles coverning bromass allocation 1o these other com-
ponents are better understood or a ditferent approach s
discovered.the refattonship between stand structure and fine-
root allocatton will necessary reman an empirieal relation-
ship and will need 1o be estabhished expermmentady it s 1o

be used mra growth simulation model.
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